The mitochondrion is a pivotal organelle for energy production, and includes 14 components encoded by both the mitochondrial and nuclear genomes. How these two genomes 15 coevolve is a long-standing question in evolutionary biology. Here we initially investigate the time, but we suspect this pattern to be due to artifacts (e.g. rate estimation or calibration bias).
relationships and considering protein conservation levels. Correlations are stronger for nuclear- time, but we suspect this pattern to be due to artifacts (e.g. rate estimation or calibration bias).
27
We find that ERC between mitochondrial and nuclear proteins is a strong predictor of nuclear 28 proteins known to interact with mitochondria, and therefore ERCs can be used to predict new substitution rate for mitochondrial DNA in the parasitoid wasp Nasonia is greater than 40 times 75 higher than the nuclear genes (Oliveira et al., 2008) . However, the causes and consequences of 76 this rate variation are still largely unknown (Baer et al., 2007) .
77
It has also been observed that rates of mitochondrial evolution appear to be accelerating across 78 evolutionary time (Ho et al., 2005; Molak & Ho 2015) . This apparent acceleration has been 79 observed in metazoan mitochondria across a wide range of time and taxa. However, the pattern 80 may be due to calibration errors or rate estimation bias, mainly due to saturation in long branches 81 and standing variation at the "tips" of terminal branches (e.g. caused by incomplete purifying 82 selection), creating the appearance of lower rates in the past (Ho et al., 2011; Ho et al., 2015) .
83
In contrast to plants, animals contain streamlined mitochondrial genomes with substitution rates 84 commonly higher than nuclear genomes (Barreto & Burton 2013 OPs and rRNAs (details in supplementary materials section S1).
165
To compare rates of evolution in mitochondrial and nuclear components, we first conducted an proteins (nCC) (methods), is used and shows no significant correlation with mOP (p = 0.47).
187
Relative rates for nALL* are not shown because nALL* is used for rate normalization. 
192
The results above are consistent with nOPs and nMRPs having significant evolutionary rate 193 correlations with corresponding mitochondrial components. However, it could be argued that the variable, the same basic patterns were confirmed (statistical details see Table S2 ). Similarly, if products than do nALL* (Table S4 ; WRST: p < 0.001).
229
An independent case of highly elevated rates of mitochondrial evolution and associated rapid 230 evolution of mitochondrial-associated nuclear proteins was also found within Psocodea
231
(supplementary section S2). In summary, the results indicate strong evolutionary rate 232 correlations between mitochondria and mitochondria-associated nuclear encoded proteins. 
254
We further calculated evolutionary rate ratios of contacting proteins (nOP) to those not in (Table S4; WRST; p = 0.002).
266
These results indicate that nuclear-encoded proteins or amino acid sites that contact with 267 mitochondrial-encoded products have stronger ERC (coevolution) with mitochondrial-encoded 268 products than those that are not in contact. 
280
Subsampling results indicate that saturation cannot easily explain apparent rate acceleration for 281 the mitochondria-associated nuclear proteins ( Figure S11 ).
282
Because haplodiploidy reduces the complicating factor of incomplete purifying selection on 
352
GO enrichment analysis was conducted for 107 proteins with significant ERCs with FDR < 0.05.
353
Almost all overrepresented "Cellular Component" GO items were contributed by mitochondria-354 related items, except minichromosome maintenance helicase (MCM) complex (Table S7 ). The
355
MCM complex is involved in DNA replication, and is a heterohexameric complex comprised by < 0.05, the other two were also identified with FDR < 0.10 (Table S3) . These results suggest a 360 previously unknown interaction between the MCM complex and mitochondria that result in a 361 correlation in the evolutionary rates.
362
These results indicate that ERC is a powerful tool for detecting nuclear proteins that interact with 363 mitochondrial products over evolution, and has potential to detect new candidate nuclear proteins 364 and protein complexes not previously known to have mitochondrial interactions or functions.
365

Conclusions
367
Our study provides evidence for strong evolutionary rate coevolution between mitochondrial 368 products and mitochondria-associated nuclear-encoded proteins in insects. Table S1 . 
445
The remaining 1340 nuclear proteins (minus nOP, nMRP, and OMito) are designated as nALL*.
446
Among these, we identified two control categories for comparative purposes. Nineteen proteins
447
were identified with the KEGG annotation "Cell Cycle" (map04110), and defined as nuclear- shorter than those using original alignments, we found that the resulting patterns and conclusions
460
were quite similar. Here we only present results generated using filtered alignments.
461
For nuclear categories, the alignments were concatenated using AMAS (Borowiec 2016 ). Branch were conducted for phylogenetic independent contrasts. Independent contrasts were extracted 473 using R package Ape v4.1. Spearman correlations through origins were calculated using R 474 package Picante v1.6.2.
475
As conventional phylogenetic correction is not applied to traits on internal branches, we used 
